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[0 0 0 1] 
[0 0 0 2] 

m^scm i ] 

Jff^¥l - 2 2 5 1 7 
[0 0 0 3] 

(A 1 x G a. i — x ) y Ini_ y P rl B B H (fcrtf U O^x^l, 0 £S y ^ 1 
(JilT, A 1 G a I nPS^, $>2>^l±mzA IGalnPh &fB*i-&) i:J: 
*)H^:S» s ^$*t^l&^T-{i, ?£v>A 1 G a I nPffittl^, ZtlX 0 & 
/< > K^> * "7 0 <7)7\ l^nlA 1 Ga I nP^r; KltplA 1 Ga I nP? 
9 y KJf ti:«tDt> K-f f«l:i^/:/7";^'^r nflt it ^ffl-f * - K «t 
«9> S**j£tf>3R : F-&2£S"C§<&o ttz, In x Ga y Al x _ x _ y 
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P * 9 y KJf , A 1 G a I n PfSt4S> plA IGalnPM? K*£C<7>H 

[0 0 0 5] 

>-7|:pSo-Cv^ 0 ^77 Kfo bo + t 'J 7lf O^TI±*I 

IfcJf t±, *r«&JRStflJ£K& (MetalOrganic Vapor Phase Epitaxy: MOVPE 
■/£) ^, flKffiJ.tf^^v-^^fiKS^ (Liquid Phase Epitaxy I LPE&) IZJ:») 

[0 0 0 6] 

ttz, it^m^-mwx v Kzmmmmizittxmmmmwmtwmwmmm 

I TO (Indium Tin Oxide) jSHttffiJi) 5BtWffi^®*«9 «£ 
■9 U^Jft-*"*tKfej&*, ^Jx.(i N #f^3tmi lC^7K$tL-CV><5» 0 
[0 0 0 7] 

y KfcEHU -e<7)tf >-fV >^'7 KC^$^li7'ft^Lt 
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Si L^ 0 
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*Ui\ Utty.&m®\^ii.Wir2> ? y v 3 >ii«Si^ 5? K* t pli 

h«hLT(i, i 1 1 -vmit&m¥-mfo*m^z>m&, zn^Mg^w^ 
o i i i -vmit^m^-mvfz *)t£Z> y &jtmut tra, (Ai x Gai_ x ) 

ylnj-yP (tztzL, O^x^l, O^y^i; WT> TA 1 G a I n Pj 
t i>Um.ir&) Xl± In x Ga y Al i- x - y N (O^x^l, O^y^l, 
x + y ^ 1 ; J^T\ fl n G a A 1 NJ ti>tmirZ>) *) , f-fll^y 
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iffi:, ^ISH^AlGa I nPCTML, HitI^7 7Kit Zn 

>Jf <OZ n||g^pl^7 y KHi 0 M&< f£5e1-& £ £T% ^ & Z n (7) 

tO&<7) fp^ffi i> waft izmmir&zttfX^&o 
[0 0 2 2] 

i-#lS^7 7 KJBco#H&*^ V T?ftj£(i, 5X101 6/cm3^±l x 
1 0 1 8/cm3*ifc^oTt>*ot^J Lv^ 0 * 'J T*» J 5 X 1 

?jftJt<2> 1X1 0 1 Vcm3yi±7xi 0 1 7 / c m 3 j^T t "f h Z ttf£ *) 
[0 0 2 3] 

0 1 6/ c m 3 9 x l o 1 VcmSjilTtiotv^it^li Lv> 0 # 

-v 'J TifcjRri* 4 xiol6/ cm 3 ^iH-efi^^it^Jig^^^: U 
Offi^ffi]mi±<7)±#^JS<o Hfc^, 9X101 7/ cm 3 fg^ - y ~> 

h*£t±. 9 X 1 0 1 6/ cm 3jil±6 X 1 0 1 Vcm3 JJlTttiifc^J: 
«9M£ Lv> 0 

[0 0 2 4] 
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*#Jt^*^7>f 7A««*fetL&JR^t±-€-niifc'^i:«:i/> 0 ^coi#^ ?yvs 
>it»11^7 y K«fcO^tH?$* f 0. 6 fx raJill, Mi L < 14 1 . 0 

I?7 7 KS£<7)£-ftJ¥£(4 1 0 ^ m^Htc^^^Ch^Mi Lv> 0 
[0 0 2 5] 

%-tit&®¥&fo£ LT\ HftggBOfgtt® «fc ») *>^> K^> •y^iv^w 
&mm-rz>Z£tfm%J"C$>2>o AlGal nPCTMilK^Mt^i^ * 
yygViOMWWf tLT, A 1 GaAs, GaP, GaAsP, A 1 G 
aAsP*W|-el4, ? -y v a >Jf £_tfe<7>J; -? ic^ < f^-f--g> c tit 

&^i4 I n G a A s KT«J3c"*-&*&£\ A 1 GaAs Pi 15:5? r/3 

x mmmrn &m t <n * m & %> m * k 43 v > x m k ware * * 0 

[0 0 2 6] 

f*iM^^7y3>i(i, *T«&*5MiJ£ftS; (MOV P Eft) , ffiffli 
kf^v^J&fift (LP Eft) , fc&^li/W K7^ K^iJ&ftft (Hydride 
Vapor Phase Epitaxial Growth Method '. H VP Eft) <7)v>-f*l75\ Xlt^ttlh 
^tCiOMtli-t^l^o MO V P Eft(4i^p a P Kco|§7c;e^ 

/6 ? #-^-r<, 5&ft$W&mtb2>±.x^mxfrz> 0 movpe^cj;^ 

/h£ t^MO V P Eft (i«t *9 J&fti" * Cl £ (4, ^jt^O^'l'I^j&Tlco^^^^ 
„ * -y v 3 >miiffl]&<7)£ 0 lzm<jVJ&-f2>ZttfW:i L^frb, MO VP Eft 

*mmLxi>mm&T<omm*$L\L\,z< v> 0 
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WHVto&m*Mmi±. Wx.Hl TOi:t»il.o ITOIt gMt*X£K 

■C, Hi«ffif^5xi0- 4 fi- c mJaTOt»»fi 1 1 5 ; i: | 
£o ITOlliWtii, ZnOlII^Uft^^ *3&fWCf* 

C d 2 S n 0 4 . Zn 2 Sn0 4 , ZnSn03, Mgln204, WiitJ "J \- 
V^A (Y) ^K-7 5 L/:CdSb 2 0 6 , ift^X^ K-7°Lf:G a I n0 3 

o ztLbnmikVB&wmmmii. &%wimf&.m&, WLHit^mmfe (chemic 

al vapor deposition 1 C V D) $>&^l£X/* y 9 U V^^Ii^t'OllI 
(physical vapor deposition: PVD) , h h o. kf * ^ ~> ^ 

^fiKftS (molecular beam epitaxy: MB E ) tCTff^J&f & C tffX^ h a Mx. 
(i\ I TOJl^Z nOltHlilSM^^y * «J >X3Kijr£Pi*^J; t) m&X 

t, v*fr-r)l<'&%:£M<7)7j&$:m\<*XfcJ&LXi> 
[0 0 2 8] 

BMfc&£9im«»t;:«"t& J: n Z> d K 

£-f±. COJ; o ^tii^it LT, Mx.HI n G a A sS^G a A siOT 
[0 0 2 9] 
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h o Z (Dm&. ll^^l^f?) K-a? > h ^ttI*75*S5 < £ (5 fc\ £ «t 

•>3>iJ:i) fciftffiKflK 5l*ii*WFtzfev>-c*S»^Ji^f)^ 
y v a >m^<T> K-/< > h J£ifcrt ? m^ff> Ut£it $ ti-W < & & - •) , 

[0 0 3 0] 
[0 0 3 1 ] 

Wilt ilMtli^ITOlIl^i^ t±, ^<tt 

ITOtli^I^lCioV^, In x Gai_ x As (0<x^l) & 
ot^^iW^ffflf^^t^HL^o ;<7)^, ^ y v 3 >S«hcO^MBiJ^ 
i5V^tii^lliIn x Gai_ x As (O^x^l) <h 1" £ *T <h ^"C § , ? 

ili'Al y Gai- y As ( 0 < y ^ 1 ) iZ£t) mfc-th Z. t ri ? -C# & 0 ? y v 

W&Mtittfm&ZtitzG a I n P®, A 1 G a I n Pi, G a Pf, G a A s P 
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Mh&^ltA 1 G a A s PiCJ: •) fl*l£1-& -I t i> offer* $>Z 0 
[0 0 3 2] 

, & k - tr > yrh $fl:4fe&9?%&B ^ n > * * h mm*-tfti& < & •? 
, 7&>o , ?r>3>ii ^ftM£#L & mmz\& < * o r v> * ^ t ^n-e* o , 

(Dzmm-tzzt&mz lv\> ®ix.(2f, w@&&m*. i tojupjj^ i n£j£ 

ffe$*fcG a A s UT#j£i-&»£\ ?r>3>ft I n A s R&kt y ri f Jfc|Sc 
W/J^^In y Gai- y As (0!x.«T, O^y^O. 2) 

[0 0 3 3] 

as*, mMw.ffi.u^rii%ittimmmzM* l^-t < * »? , 

G-nmm*, m®.<D3mmz& lom^tzttmz^io ztDXo izmm-t&t, % 
-WM\z&w%mkWMww&m<v&mmn>i)mtt2>o *<nm^ %itm=F<n> 
wmwmt, m-w&zw Lrm^mmzm ti&j&frtfjzz < & 0 , ftttmsa 

^<^ytmwiMw^mti^^z\ t&itm&ito^ft±(Dm£Az&^rizm$ lv^ q 

[0 0 3 4] 
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mmjtwmm zm^ztzt) iz mmtam zmi^j&Lfz vt^k \za^> 

vUT<^m-mmz^xmM.^mm^^nm^- z> z. tx\ t<nmn 
(omm. ^^t>^m-mn^(7)mm^m^^m^zmm.i-i>z\t^x^^ 0 t 
fz, mik^&mnmm<vTn\izMi&ztix\;*z><Di±, vrnx^^^ ? ~> a 
^-fi^ani LtzWtx : <n.n&A,tzmiii)K ? ? -> a >ji i*jt- 

[0 0 3 5] 

m 1 1±, ^^o-^w^-e^)^i§7t^ 1 0 0 ^^-rw^Ej^^^o 

if lOOli, nlGaAs$g B H B ||i #13 rifj tU^) 7 <Z>- 

^<7)±^M±H, nIG a A s 1 rJf 2 Sr^LtA 1 G a I n P =t I) &-?>^ 
itmU2 A £Sl£U W&itmn2 A ZWd «fc 7 pl«^ 7y 3 >i2 0t 

, 1 toj: 'o % zmtvomnwrnm 3 o tsr^o^j^-es^tL^^o-c^-So $ 
>^vn°-7 K9^ses^n, ^zwzAnmxmjk^fitzWMv 4 ^ a 7&m&zti 

Tv^ 0 «7 co^^±OTlIJC(i, A u -G e -N i / &&m<D&m>fr 

[0 0 3 6] 

^ytm^>2 4 ii, (A 1 x G a 1 - x ) y I n j- y P^ h h b<!: <!: ^ 

& c m—mwm ? ? ? a , iztii ^ ^ y kv 6 , ^^n— fti ^ 9 

y KH 4 t ^-2g«M^ 9 -y Vm 6 £ ^MUftfi"^^® 5 
■r^mmt^ttX^^o JM£WK«\ y > K-y (A 1 x G a i - x ) y I n i 
- y P (fcrtfU O^x^O. 55, 0. 45^y£S0. 5 5 ) m&frb 

5 pM (A 1 x G a i - x ) y I n j-yP^y K16 tnl (A 1 
xG ai _x) yIn 1 _ y P^7'7Kl4ti:J: *9 ^A.7^f1=#^ <h 4' o T^£ 0 
HI 1 <7)|§7t^T- 1 0 0 -Cli, * y v a >* 2 0 ffiljtz pIA 1 G a I nP^r; K 
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5-Lo2>) 7&s@£tt£*iT£ <9 , IffllSi 1 5ffiiJtc nSJA 1 G a I n P ^ 7 7 K 
14 (nSKwOKiS i) 7& ? BEg£*iTi/>£o B9JO> d t 

&m mx.n 1 013^101 e / cmZmmzALmt-fz) %i>$m-tz>i><v 

[0 0 3 7] 

plA 1 Ga I nP??v K® 6 (±. pI^t'JTM TifcJt) 
(±, 5X 1 0 1 6/ cra 3j,ui X 1 0 1 8/cm3*i, iiL<li, 1X1 
0 1 Vcm3 j^jt 7X1 0 1 Vcm3 J2JlT"C*;&o i fc, ?-r>3>12 0 
(i> *ilflfl± Z n * h t Ltii Lfc A 1 GaAsii^t), 

pl^t'J 7M(t 4X 1 0 1 6 / c m 3 JiJl± 9 X 1 0 1 7 / cm 3 j^T, M 
^L<(iixi0 1 7/ cm 3 j^_t 6xiol7/cm3 &T*>iEBII*3-C, p M 
AlGaInP^5y K16iD <>/h£ < i£^£*iTv>& 0 IS;? r>3>12 0 
Ol?$i±0. 1 // mJ^±5 ^ m£lT\ M£ L < {± 0 . 5 ^ mJ^± 3 ju m^TT* 
*o £<bK> plA 1 G a I n P 9 9 v KS 6 £ * y v 3 >fl 2 0 <hO£-ftJ?£ 
t±0. 6 ^mJ^JUL (Mx_l£? v v a >f : 0. l^m, ?r;Ki:0. 5 // m 
) 10^ m^:}||"Cab'5>o 
[0 0 3 8] 

&T\ El 1 (D^itm^ 1 0 0 Kov>-ca&9H-&o 
t"f> @li:^tJ;Tt:, GaAs#IS B B B If 7 0f-±ifl aC, nSG 
a A s /s-y 7ri2?: < ^•eS&ftJggB 2 4 Lt, nlA 1 G a I n P ? 7 7 
KB 4 , A 1 G a I n P 5 , p M A 1 G a I n P ? 7 7 KH 6 (J£H± 

El 1 #JBU , $^CAlGaAsJ:t)4^^7y3>l20 £ .1 OllJ£ lex t? * 
+ yt;H£g$*, E12 (a) Otlttio - *nb#/f<7>x. \Z9 * v -V ^Jj5c^ 
(±, ^OW^^Jl^ffl^tf **'>*;W£K (Metalorganic Vapor Phase Epita 
xy : MOVPE) Ht&O Ifc^lS, A U Ga, In, PSt^A s 
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• A 1 ; h'J^f^T;^-^^ (TMA1) , MJxf^7;i/5-^A 
(TE A 1 ) ; 

• G a»~X ; h >; *1-frifV U (TMG a) „ h 'Jxfji/^ij (teg 
a) 

• I nUifT. ; h U y*J*?U (TM In), h 'Jxf;H > ->*?A (T 
E I n ) ft f o 

• Piin: ^-->t;^fii/*X7r/ (TBP) „ h'Jxf;vu> (TEP 
) , *X7^> ( P H 3 ) ft <h%> 

•AsiS^:?->t^7'W7ik>> (TBA) , TJVi/y (AsH 3 ) ft 
t\ 

[0 0 3 9] 

tfc, K-/^h^tLTI±, tJlT<7)«t ■? ft & & ; 

(plK-^> b) 

■ MgM : t*Xy^n^>^ yxx^vnv^A (Cp 2 Mg) ft £f 0 

• Z nzK : v^^HEIS (DM Z n ) ,yxf;Hf& (DEZn) ft <h%> 
(nl K-/*> h) 

• s i : * y -> =7 y ft -> >j n y Amity® ^ t\ 

[0 0 4 0] 

-sty b-ffx<nm&itmi~£ ^ ^fioiciifi.ii^t^, 

[0 0 4 1 ] 

i2 (b) {ZtjUtXo IZ^ ? a >« 2 0 <fc 3 tC, 5?jE0OSi 

* *; yy&izx *k i TOct 0 ft^ftM^mM* 3 o ^Kt5 0 

@2 (c) H^-ti^C »«7 0»-±^litw|t^3HS(zj: r>IH 
S115«no fit, HI 2 (d) (C^i-i^C K-fk^jg^SgJg 3 0 

^ft^jfem^sirffl^^-^^^^ii-r^^icj; 19, ^tT-^x-zNS 0^ 
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EI 3 (a) IZjjk-fX n Zbiz (b) H^-f <fc n \z *r 4 

■>>WiIi^^tx7f>^i:j: 0Bfc*Lfc&, (c) (:^tx^7n* 
>**(::J: V 5£itm^ v 7°5 1 lc^K$ti* 0 fLt, (d) CitJ:^:, I 
Itil 1 5 (IH3#BS) iA g^-^ Ofttt^-^ h *ffl^Ti##t 
*fa£3^miS9 aClftl)-^ ^>t-V K9Ctl7Yt4 7 £ 

«^(^>7"W>^) L> (e) C^tJ:Tt»-^K5 2Mn:i 

om^t- i o otmbn&o 

[0 0 4 2] 

y^it^m^mw-m^z-BLXf^ ^Mm^mm^M^u^WL-t^o wz.ii, m 
5 izjfs-tx n n, mYMm.wm.mm 3 o><Dm.T\z^itmu2 a^j&zkx^z 

^7->3>|2 0 LT^-Stc*^ IliilDM^^ •r>3>i2 0l*l 

cist > j t<v§m&%Jtm%v>2 4 tcs^tc < ^<dx\ -eo5K f&TtM^ti^ 

[0 0 4 3] 

$tz. CO^yya>12 0li, pI^P t 'J 7lJ|^4 X 1 0 1 6/ cm 3j^ 
±9xl0lVcm3 WT<7>$Ifflft"C\ p MA lGaInP^77K16«tl) 

2 0 frh p MA 1 G a I nP^5y KJf 6 p M K-/<? > h O^co, m^llft 

[0 0 4 4] 

- h«(i^7^^v^\ ^<7)_hU2gm^^##tc^:^v^Mb^it0^mSB3 0 
T^ffM^tLTv^co-C, i^t^M^SI!/! 3 0rtHTmj)fL^+^Uj£tf^-<!: 
7i ? -e^^>o fit, ^7V3>12 0li, pS^+'J T^^Btf^^tEffl^P^ 
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[0 0 4 5] 

2 0 tW^CIi, M^iOTm^Jf 3 0 tm-f&ftZX. InGaAs^GaAs 
0 ^^>m®^^ 3 1 LT£> < vl <h^\ m^MB^mSil 3 0 <D&m 

ffiK^fiitt^ltlH^o |gm«^S3 1 li, Ztitmi-Z ? v -> a >if 
2 0ri s A 1 GaAsi:ti«$W:H#IU iW^fSt £ /z&Mc, 
p1F-a'>H^{ (Wx.l£ 1 X 1 0 1 9/cm3gflF) gSbgSftTi/** 

o 

[0 0 4 6] 

, H*)BSB2 4 H£v>T**>t-V >*VW K9<7)ETfIM. ofij^JRDilJLi 
13 1(4, ^>r>V >*VW K9O]gT«*ft*4:i-*5t0 m LM^&v^-il 

^nx^ho ^>tj yy^v v 9 <7)\M.T&M^&^xmum&m 3 1 
\zmm t-tz>ztx\ a (DmMxitmimmmmm 3 0 ommmm < * 

[0 0 4 7] 

EI 7 tc^-f J: -5 IBttK^jfc-r 3 1 (4, l&mffi&b 

USB 2 4f4C^I±IIi^i3 1 fc&iftl- OTMfW^isv^TS 
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• * 
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